distance between the two antenna positions was often larger, but for JERS-1 this was less 147 critical because of the longer wavelength and the greater incidence angle. Imaging positions 5 148 km apart would still produce fringes in the interferogram, whereas for the ERS satellites 1.1 149 km is the largest antenna separation for which interferometry is theoretically possible (Rossi 150 et al. 1996) . In 1998 JERS-1 stopped transmitting data because of a failure of the solar panels. Topography Mission (SRTM) will generate a global high resolution digital elevation model 162 from X-band single-pass interferometry in which the second antenna will be deployed at the 163 end of a 80m boom extended from the Space Shuttle, and LightSAR will be used for the 164 development of commercial applications. LightSAR is planned to carry an L-and an X-band 165 antenna (Hilland et al. 1998) . 166
• The Canadian RADARSAT satellite can observe in a number of resolution and swathe 167 width modes including a Spotlight (high resolution) mode and a ScanSAR mode which 168 permits imaging over swathes up to 500 km wide at a resolution of 100 m. As with Envisat, 169 because of the flexibility of the SAR, interferometric measurements have to be specifically 170 programmed into the satellite mission. 171
• The only fully polarimetric spaceborne SAR so far was the L-and C-band system aboard 172 SIR-C which was deployed during two 10-day missions during 1994. 173 • Polarimetric data are available from a number of airborne systems including JPL's 174 TOPSAR system (Madsen et al. 1995 In this section, a brief introduction to the background of SAR interferometry is provided. For 192 a thorough and detailed introduction the interested reader is referred to Bamler and Hartl 193 (1998) , and for a review of techniques and applications see Gens and Van Genderen (1996) . each resolution cell is directly related to the difference between the viewing distances of the 209 two sensors. In particular the average three-dimensional position of the scattering elements 210 may be inferred leading to the capability to derive topographic maps from the phase 211 difference images. 212 SAR backscatter intensity is strongly affected by terrain properties (slope and aspect). SAR 213 interferometry provides a method of removing topographic effects from the backscatter 214 without the need for additional external data sets and leaving only backscatter variations 215 arising from changes in target parameters, such as vegetation biomass or soil moisture. The 216 capability to derive Digital Elevation Models (DEM) also provides a vital input into mapping 217 out drainage networks and separating water catchments, particularly in poorly surveyed areas. 218
The two images from which an interferogram is generated can either be acquired using one 219 antenna for repeated passes over the same area at two different times (Repeat Pass 220 Interferometry) or can be acquired simultaneously using two spatially separated antennas on 221 the same platform (Single Pass Interferometry). 222
To compute an interferogram the two single look complex (SLC) SAR images are first co-223 registered to an accuracy of less than 0.1 pixel. The complex vector product is then formed on 224 a pixel by pixel basis to derive a phase difference and a correlation at each position. interferogram, co-registration at sub-pixel accuracy is required, ideally better than 0.2 pixel, 320 otherwise the interferometric coherence is reduced considerably. In the following step 321 common band filtering is performed to improve coherence estimation by increasing | | slantrange 322 in eq. 5. 323
In the second step the normalised complex interferogram is computed. The two co-registered 324 images are multi-looked to improve estimation accuracy and then cross-correlated. The 325 resulting interferogram consists of complex values with the magnitude corresponding to the 326 multi-looked interferometric correlation and the phase to the interferometric phase. 327
The phase trends in azimuth and range direction resulting from the Earth's curvature is then 328 removed from the interferogram (phase flattening). 329
To retrieve the effective height from the phase of the complex interferogram the correct 330 multiple of 2 has to be added in the phase unwrapping step. Phase unwrapping is 331 problematic due to fringe discontinuities caused by layover (Gelautz et al. 1996) , areas of low 332 coherence, and phase noise. Filtering and multi-looking can be used to reduce the phase 333 noise. A review of phase unwrapping techniques is given by Griffiths and Wilkinson (1994) . 334
Phase-unwrapping is often based on Goldstein's branch-cut approach (Goldstein and Werner 335 1998). However, holes that are isolated by branch-cuts often remain in interferograms with 336 high noise levels. Wang and Li (1999) present two algorithms to improve the unwrapped 337 phase image. Just and Bamler (1994) interferogram has been developed by Goyal and Verma (1996) to tackle the problem. C range between <100 t/ha for complex tropical forest canopies to 250 t/ha for simpler forests 389 dominated by a single tree species. Best performance for biomass estimation is achieved 390 using lower frequency (P-and L-band) radar systems with a cross-polarized (HV or VH) 391 channel. The long wavelength is required to penetrate the upper canopy layer and interact 392 with branches and stems. Interferometric SAR can improve biomass retrieval from radar 393 backscatter through the interferometric information about the imaging geometry: The fringe 394 frequencies of the interferogram can be used to correct radar backscatter intensity for terrain 395 effects (Ulander 1996) , and thus improve radiometric calibration. 396
IV Applications of InSAR to forest mapping and monitoring
The interferometric coherence is sometimes found to decrease with increasing forest biomass, 397 but this relationship is temporally unstable and may be affected by changing weather 398 conditions between the repeated image acquisitions, terrain effects, wind, rain, snow and 399 moisture, freezing and thawing or the spatial baseline for different image pairs. for an elevated forest canopy to demonstrate the effectiveness of the algorithms and the 568 importance of wave polarization for the physical interpretation of SAR interferograms. The 569 potential of polarimetric SAR interferometry was investigated using results from fully 570 polarimetric interferometric SIR-C data collected over the Selenga delta region at Lake 571 Baikal, Russia. The scattering mechanisms in the forest, arising from different types of 572 interactions at the ground, branches and canopy top, can be separated polarimetrically and 573 located at different heights so that the phase differences at different polarizations can be 574 interpreted as canopy height differences. Over the forested area near Lake Baikal these height 575 differences were found to be around 20-30m, and the authors suggest a direct relationship to 576 forest canopy height. A prerequisite for this analysis is significant canopy penetration so that 577 a fully polarimetric SAR operating at L-band or at a longer wavelength is required. 578
An alternative approach to polarimetric interferometric SAR image analysis is the inversion 579 of a microwave scattering model. Because the number of forest structural parameters is higher 580 than the number of SAR parameters measured, such a model inversion is not straightforward, 581 and multiple solutions may exist for a given set of observations. Lin and Sarabandi (1999) 582 presented a fractal-based coherent scattering model of the polarimetric and interferometric 583 response to forest as a function of incidence angle, tree density, tree height, trunk diameter, 584 branching angle, wood moisture, soil moisture, and finer structural features. A genetic 585 algorithm has been used to estimate the input parameters of a forest stand from a set of 586 measured polarimetric and interferometric backscatter responses of the stand. 587 The distance between two iso-phase lines is half the wavelength. The absolute phase difference fluctuates between 0 and , as indicated by the two orthogonal lines.
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